The pathogenicity of 20 strains of facultative or anaerobic gram-positive cocci (AGPC) was investigated by injecting them alone or mixed with other flora into mice, utilizing the subcutaneous abscess model. Abscesses induced by a mixture of two organisms were uniformly larger than those induced by single organisms. The relationships among seven AGPC strains, eight aerobes, and two Bacteroides spp. were determined by treating the infected animals with antibiotics and observing the effect of therapy directed against one or both organisms present in the abscess. A total of 70 different combinations were tested. As judged by their responses to antimicrobial therapy, facultative cocci or AGPC were relatively more important than the other species in 6 combinations, equally important in 35 combinations, and less important in 29 combinations. The AGPC most often found to be equal to or more important than the other bacteria were Peptococcus magnus, Streptococcus constellatus, and Peptostreptococcus anaerobius. Proteus mirabilis, Escherichia coli, and Staphylococcus aureus were frequently found to be of more importance than the AGPC.
Anaerobic gram-positive cocci (AGPC) mixed with aerobic and other anaerobic bacteria are frequently recovered from infections at different sites in the body (1) . Although many of these infections are synergistic in nature (3, 7) , the exact role of AGPC in these infections and their relative importance to their aerobic or anaerobic counterparts have not been defined. For this reason we used a subcutaneous abscess model in mice, in which the infection was caused by facultative cocci and AGPC mixed with other anaerobic and aerobic flora. We determined the relative importance of the organisms by selective inhibition with specific antibiotics.
MATERIALS AND METHODS
Organisms. All organisms were recent clinical isolates that had been kept frozen in skim milk at -70°C. The 20 strains of facultative cocci and AGPC used included 4 each of Peptococcus magnus, Peptococcus asaccharolyticus, and Streptococcus intermedius (facultative); 3 each of Peptostreptococcus micros and Streptococcus constellatus (facultative); and one each of Peptococcus prevotii and Peptostreptococcus anaerobius. Other organisms were one strain each of group A beta-hemolytic streptococcus, group D streptococcus, Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae type b, Bacteroides fragilis, and Bacteroides asaccharolyticus. The microorganisms were identified by conventional methods (5, 9) . Capsular staining of the organisms. The presence of capsules was established by the Hiss stain (5) and confirmed by electron microscopy after staining with ruthenium red (4 Abscess formation. The bacteria were grown anaerobically or aerobically on sheep blood agar plates with a brain heart infusion base (Difco Laboratories, Detroit, Mich.). Mice were inoculated subcutaneously in the right groin with 0.1 ml each of the appropriate bacterial suspensions (108 cells per dose) in saline. We found that this dosage would induce subcutaneous abscesses with almost no mortality (2) . The sizes of individual abscesses were determined during necropsy on day 5 after inoculation since none of the abscesses had decreased or resolved spontaneously by this time. Although the volume of these abscesses could not be determined accurately, their size could be estimated by measuring two perpendicular diameters representing maximum length and width. Assuming that the abscess is an irregular prolate spheroid, the product of the length and width is approximately proportional to the outer surface of the abscess. This product, expressed as square millimeters, was arbitrarily selected as the means of comparison. By this criterion, at day 5 without antibiotic therapy, the abscesses caused by pure cultures achieved an outer surface size of between 80 and 200 mm2, and the outer surface sizes of abscesses caused by two organisms were between 90 and 300 mm2.
Examination of abscesses. Animals were sacrificed by cervical dislocation, and the abscess material was removed aseptically. The site and histology of the abscesses were confirmed in two animals in each experimental group, by hematoxylin and eosin staining. Pus specimens were each diluted in 1 ml of enriched brain heart infusion broth and swabbed onto an enriched brain heart infusion agar plate. Colonies were counted after 48 h at 37°C in an aerobic and anaerobic environment. Bacterial growth on the plates was estimated semiquantitatively. Characteristic colonies of all organisms were identified by Gram stain and biochemical tests (5, 9) .
Antimicrobial agents and therapy. The antimicrobial agents used for the experiments were selected because of their specific activity against only one of the components of the mixed infection. Penicillin therapy was directed against the AGPC, metronidazole was directed against the Bacteroides spp., and gentamicin or penicillin was directed against aerobes. For treatment of mixed infections of facultative cocci or AGPC and aerobic bacteria, penicillin and gentamicin were used. For the therapy of mixed infections with facultative cocci or AGPC and Bacteroides spp., metronidazole was used against the Bacteroides spp., whereas penicillin was used against the cocci. All Bacteroides strains produced beta-lactamase and were resistant to penicillin, whereas all strains of facultative cocci or AGPC were resistant to metronidazole.
The relative importance of the organisms in the abscesses was determined by comparing the sizes of abscesses in the animals treated with one or two antibiotics with those in the untreated control mice. For example, an abscess caused by a single organism, which was treated with an antimicrobial agent effective against that organism, was expected to respond to therapy and be smaller than that in an untreated control animal. For an abscess caused by two organisms, in which therapy was directed against only one, the abscess was expected to be smaller than that in a control animal if the susceptible organism contributed more to the abscess (i.e., perhaps had greater pathogenicity). Penicillin-G 100 27.5 ± 8.2 13.6 ± 3.1 14.0 ± 7.3 a The antibiotic levels were determined at 0.5 or 8 h after the last injection on day 5 of treatment. Means ± SD are for 10 mice per group.
were achieved in both locations to inhibit the susceptible strains.
In vitro susceptibility to antibiotics. The Bacteroides spp.
were resistant to penicillin (MIC > 64 jig/ml) and gentamicin (MIC 2 256 ,ug/ml) and susceptible to metronidazole (MIC < 0.5 ,ug/ml). The facultative cocci and AGPC were susceptible to penicillin (MIC < 1 [xg/ml) and relatively resistant to metronidazole (MIC > 4 ,ug/ml). Staphylococcus aureus was susceptible to gentamicin (MIC = 1 ,ug/ml). All aerobic and facultative gram-negative rods were susceptible to gentamicin (MIC < 0.1 ,ug/ml) and resistant to penicillins (MIC 2 128 p.g/ml) and metronidazole (MIC > 128 p.g/ml).
Relative importance of organisms in mixed infections. The combinations of Streptococcus intermedius and the other bacteria are presented in Table 3 . Similar experiments were done with a strain each of the six other facultative cocci or AGPC species. The detailed data of each of these experiments are not presented but are summarized in Table 4 . The sizes of the abscesses were different in these experiments as compared with those measured in previous experiments (Table 1) ; however, their relative sizes did not change. Abscesses caused by a single species always responded to antibiotic directed at that species. These data were not included in Table 4 . After appropriate therapy, abscesses were reduced in size but did not disappear within 5 days. Abscesses inappropriately treated increased in size, as did untreated abscesses.
It is evident that different relationships existed between the various facultative cocci or AGPC and their aerobic and anaerobic counterparts in mixed infections. In the 70 combinations tested, facultative cocci or AGPC were relatively more important than the other species in 6 combinations, were equally important in 35 combinations, and were less important in 29 combinations.
In mixed infections with groups A and D streptococci, facultative cocci or AGPC were of equal importance. Staphylococcus aureus was more important than the AGPC in all but one instance. K. pneumoniae was less important than AGPC in three instances and equal in four. E. coli was more important in six instances and equal in one. Proteus mirabilis was always more important than AGPC. Pseudomonas aeruginosa was less important than AGPC in three instances, more important in two, and equal in two. H. influenzae was less important in one mixture, more important in one, and equal in five. B. fragilis was less important in one mixture, more important in three, and equal in three. B. asaccharolyticus was less important in one mixture, more important in one, and equal in five.
Peptococcus magnus was less important than the aerobic counterpart in two instances and equal in eight; Peptococcus prevotii was more important in one instance, less important in five, and equal in four; Peptostreptococcus asaccharolyticus was less important in five and equal in five; Peptostrep- (3, 7) . Our studies support the synergistic role of other organisms with AGPC. Although the synergistic potentials between the organisms were not investigated in vitro, it seems that the relationship between the different components in the infection varies in the different combinations. In some instances, the facultative cocci and AGPC were of greater clinical significance than their counterparts, whereas in other instances they were of equal or lesser importance. From the data presented, it seems that when mixed with Proteuis mirilabilis, E. coli, or Staphvlococcits aureus, the AGPC are generally of less importance, however, when they are mixed with the other organisms tested, they are either of equal or greater importance. Although these differences were noted. we have observed 
Klebsiella pneurnoniae
Pseudomonas aeruiginosa
that, in most instances, antimicrobial therapy has to be directed against both bacterial components of the infection for complete eradication of the infection.
